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FLUID EJECTION AND SCANNING SYSTEM WITH PHOTOSENSOR 
ACTIVATION OF EJECTION ELEMENTS 

The Field of the Invention 

The present invention relates to fluid ejection systems. More 
particularly, the invention relates to a fluid ejection and scanning system with 
photosensor activation of ejection elements. 

Rack pround of the Invention 

The art of Inkjet technology is relatively well developed. Commercial 
products such as computer printers, graphics plotters, facsimile machines, and 
multi-function devices have been implemented with inkjet technology for 
producing printed media. Generally, an inkjet image is formed pursuant to 
precise placement on a print medium of ink drops emitted by an ink drop 
generating device known as an inkjet printhead assembly. An inkjet printhead 
assembly includes at least one printhead. Inkjet printers have at least one ink 
supply. An ink supply includes an ink container having an ink reservoir. The 
ink supply can be housed together with the inkjet printhead assembly, or can be 
housed separately. Some conventional inkjet printhead assembUes span over a 
limited portion of a page width, and are scanned across the page. The inkjet 
printhead assembly is supported on a movable carriage that traverses over the 
surface of the print medium and is controlled to eject drops of ink at appropriate 
times pursuant to command of a microcomputer or other controllers, wherein the 
timing of the application of the ink drops is intended to correspond to a pattern 
of pixels of the image being printed. 

A page-wide-array (PWA) printhead assembly spans an entire pagewidth 
(e.g., 8.5 inches, 11 inches, A4 width) and is fixed relative to the media path. A 
PWA printhead assembly includes a PWA printhead with thousands of nozzles 
that span the entire page width. The PWA printhead assembly is typically 
oriented orthogonal to the paper path. During operation, the PWA printhead 
assembly is fixed, while the media is moved under the assembly. The PWA 
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printhead assembly prints one or more lines at a time as the page moves relative 
to the assembly. 

Each nozzle chamber in a PWA printhead assembly typically includes an 
ejection element, a chamber layer, and a substrate. When a firing resistor is used 
5 as the ejection element, the firing resistor is located within the chamber on the 
substrate. During operation, the nozzle chamber receives ink from an ink supply 
through an inlet channel. The firing resistor is then activated so as to heat the 
ink thereon and cause a vapor bubble to form. The vapor bubble then ejects the 
ink as a droplet through the nozzle, and onto a media (e.g., paper, transparency). 
10 Droplets of repeatable velocity, volume, and direction are ejected from 

respective nozzles to effectively imprint characters, graphics, and photographic 
images onto a media. 

The ejection element in a PWA printhead assembly of the piezoelectric 
type typically includes a piezoceramic layer. The piezoceramic layer consists of 
15 a flexible wall to which is attached a piezoceramic material on the side exterior 
to the chamber. During operation, the nozzle chamber receives ink from an ink 
supply through an inlet channel. The piezoceramic material is then activated so 
as to deform the wall into the chamber. The pressure generated then ejects the 
ink as a droplet through the nozzle, and onto a media (e.g., paper, transparency). 
20 Droplets of repeatable velocity, volume, and direction are ejected from 

respective nozzles to effectively imprint characters, graphics, and photographic 
images onto a media. 

Because of the large number of nozzles in a PWA printhead assembly, 
and because the assembly typically prints one or more page-wide lines at a time, 
25 there are substantially more timing and control signals generated at a given time 
than for a scanning type printhead assembly. To print multiple lines as opposed 
to multiple characters, the firing of thousands more nozzles has to be controlled. 
Signals have to be transmitted to the thousands more firing resistors of such 
nozzles. 

30 In typical PWA inkjet printers, complex electronics and interconnects 

have been used to generate the necessary signals and route them to the 
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appropriate locations. Some PWA inkjet printers use a flexible printed circuit 
("flex circuit") attached to a printhead assembly that includes signal paths for 
carrying signals from a print processor to addressed firing resistors. 

There is also a desire to produce reliable, high-yield, page-wide-arrays in 
5 a cost effective manner. 

Summary of the Invention 

One form of the present invention provides a fluid ejection and scanning 
system including a fluid ejection assembly. The assembly includes a first 

10 plurality of photosensors, and a first plurality of ejection elements. Each of the 
ejection elements is configured to cause fluid to be ejected when the ejection 
element is activated. Each one of the photosensors in the first plurality is 
coupled to a respective one of the ejection elements for activating the ejection 
element. A second plurality of photosensors captures image data to generate a 

15 digital image of a media. A first light source of the system emits a light beam. 
A control system scans the light beam across the printhead assembly and 
selectively illuminates the photosensors in the first plurality, thereby activating 
the ejection elements coupled to the illuminated photosensors. 

20 Brief Description of th e Drawings 

Figure 1 is a side view of a fluid ejection and scanning device, such as a 
page-wide-array (PWA) inkjet printer and scanner multi-function product 
(MFP), illustrating major internal components of the device, according to one 
embodiment of the present invention. 

25 Figure 2 is a plan view illustrating one embodiment of a fluid ejection 

and scanning assembly, such as a PWA printhead and scanning assembly, 
according to one embodiment of the present invention. 

Figure 3 A is a simplified end or side view of a fluid ejection and 
scanning assembly, such as a PWA printhead and scanning assembly, according 

30 to one embodiment of the present invention. 
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Figure 3B is a simplified end or side view of a fluid ejection assembly, 
such as a PWA printhead assembly, according to one embodiment of the present 
invention. 

Figure 4A is a cross-sectional view from the perspective of section lines 
4A-4A in Figure 2, illustrating major components of a portion of a fluid ejection 
array according to one embodiment of the present invention. 

Figure 4B is a cross-sectional view from the perspective of section lines 
4B-4B in Figure 2, as well as in Figure 8, illustrating major components of a 
portion of a scan array according to one embodiment of the present invention. 

Figure 5 is an electrical schematic diagram illustrating major components 
of a scan array and a plurality of fluid ejection arrays according to one 
embodiment of the present invention. 

Figure 6A is an electrical schematic diagram of a portion of the scan 
array shown in Figure 5, illustrating the spacing between photosensors in greater 
detail according to one embodiment of the present invention. 

Figure 6B is an electrical schematic/block diagram illustrating major 
components of an activation element for a fluid ejection array according to one 
embodiment of the present invention. 

Figure 7 is a diagram of a fluid ejection and scanning assembly 
illustrating a scan array and fluid ejection arrays in block form according to one 
embodiment of the present invention. 

Figure 8A is a diagram illustrating the layout of electrodes for an 
activation element according to one embodiment of the present invention. 

Figure SB is a diagram illustrating the layout of electrodes for a scan 
array element according to one embodiment of the present invention. 

Figure 9A is a diagram illustrating scanning of a light beam from a light 
source across a fluid ejection and scanning assembly according to one 
embodiment of the present invention. 

Figure 9B is a diagram illustrating scanning of light beams from a second 
> light source across a scanning assembly according to one embodiment of the 
present invention. 
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Figure 10 is a simplified cross-sectional diagram illustrating a fluid 
ejection and scanning assembly from the perspective of section lines 10-10 in 
Figure 2 according to one embodiment of the present invention. 

Figure 1 1 is an electrical block diagram illustrating major components of 
a fluid ejection and scanning system according to one embodiment of the present 



mvention. 



Description 

In the following detailed description, reference is made to the 
accompanying drawings that form a part hereof, and in which is shown by way 
of illustration specific embodiments in which the invention may be practiced. It 
is to be understood that other embodiments may be utilized and structural or 
logical changes may be made without departing from the scope of the present 
invention. The following detailed description, therefore, is not to be taken in a 
limiting sense, and the scope of the present invention is defined by the appended 
claims. 

In one embodiment of the present invention, fluid ejection elements, such 
as Inkjet elements in a page-wide-array (PWA) printhead assembly, are optically 
activated. In this embodiment, a light beam is modulated as the beam is scanned 
over the PWA printhead assembly to selectively fire desired inkjet elements, 
thereby generating the desired raster pattern for each of the four color planes 
(i.e., cyan, magenta, yellow, and black), and hence producing the desired image. 
In one form of the invention, a single PWA printhead assembly functions both as 
a printhead and an image scanner with the addition of relatively small added 



cost. 



Figure 1 is a side view of a fluid ejection and scanning device, such as a 
PWA inkjet printer and scanner device, 100 illustrating major internal 
components of the device 100 according to one embodiment of the present 
invention. Device 100 includes media feeder 102 with side guides 102A and 
102B, light source 106, modulator 108, rotating polygonal mirror 112, deflection 
mirrors 114 and 118, lens 116, fluid supplies 122, fluid ejection and scanning 
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assembly 126, rollers 120, 124, 140, and 142, star-wheel 128, and printed circuit 
assembly (PCA) 138. A stack of media 104 (e.g., paper, transparencies) is held 
by feeder 102. In this particular embodiment, heater element 150 dries the 
printed media before it is ejected through a media outlet. 

5 In one embodiment, rollers 120, 124, 140, and 142, and star-wheel 128 

are part of a constant motion system that transports media by assembly 126 at a 
substantially constant velocity. A constant motion system is typically more 
accurate and controllable than a discrete motion system. In an alternative 
embodiment, the media motion can be achieved by a vacuum platten in a 

10 continuous fashion. Advantages of continuous media motion include reduced 
banding and better dot placement accuracy for better print quality. In an 
alternative embodiment, a discrete motion media transport mechanism may be 
used. 

In one embodiment, assembly 126 extends at least a pagewidth in length 
15 (e.g., 8.5 inches, 1 1 inches or A4 width) and ejects fluid droplets onto the media 
130 as the media 130 is moved relative to the substantially stationary assembly 
126. In one embodiment, fluid is supplied to assembly 126 from fluid supply 
122. In an alternative embodiment, assembly 126 includes one or more internal 
fluid supplies. In one form of the invention, multiple assemblies 126 are 
20 combined to form a larger and/or faster assembly. 

At least one input/output port 134, and a plurality of electronic chips 
136A-136B for performing various processing and control functions described 
herein, are mounted on PCA 138. Cable 132 is coupled to input/output port 134 
and, in one form of the invention, is configured to be coupled to a host computer 
25 (not shown). Although for simplicity of illustration, a single input/output port 
134 and cable 132 are shown in Figure 1, it will be understood by a person of 
ordinary skill in the art that device 100 may incorporate a number of different 
types of conventional input/output ports, including a telephone port, Centronics 
port, smart media memory devices, solid state storage systems, infrared and/or 
30 other wireless ports, as well as other communication protocols commonly 
available in the industry. 
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In one form of the invention, an optical path 1 10 is formed from the light 
source 106 through mirrors 112, 114, and 118, to the assembly 126. Deflection 
mirrors 1 14 and 118 are installed to bend the light path for the purpose of 
reducing the size of the device 100. Mirrors 1 14 and 1 18 can be dispensed with 
if such reduction in size is not desired. 

Figure 2 is a plan view illustrating an embodiment of assembly 126. 
Assembly 126 is shown positioned over media 130, with the direction of media 
motion indicated by an arrow above media 130. In one embodiment, assembly 
126 includes four fluid ejection arrays such as print arrays, represented by lines 
200A-200D in Figure 2, and collectively referred to as fluid ejection arrays 200, 
as well as one scan array 202. In one embodiment, fluid ejection array 200A is 
a black print array for ejecting dots of black colored ink, fluid ejection array 
200B is a magenta print array for ejecting dots of magenta colored ink, fluid 
ejection array 200C is a yellow print array for ejecting dots of yellow colored 
ink, and fluid ejection array 200D is a cyan print array for ejecting dots of cyan 
colored ink. 

Scan array 202 is configured to capture image data for generating a 
digital image of media. For black and white printing rather than color printing, a 
single fluid ejection array 200 is desired. The order of the colors may change 
depending on ink types and other writing system factors. 

Figure 3A is a simplified end or side view of assembly 126 according to 
one embodiment of the present invention. Fluid ejection arrays 200 and scan 
array 202 are formed on substrate 310. In one embodiment, a clear window 402 
is formed in scan array 202. Assembly 126 includes opposing surfaces 126A 
and 126B. 

In a print mode according to one form of the invention, media 130 is 
transported adjacent to surface 126B of assembly 126, and fluid is ejected from 
arrays 200 at surface 126B onto media 130. In one form of the invention, 
assembly 126 includes protective cover 306, which aids in preventing scan array 
I 202 from being contaminated by stray droplets of fluid ejected by fluid ejection 
arrays 200. 
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In a scan mode according to one embodiment, media 130 is transported 
adjacent to surface 126B of assembly 126 to allow the sensing of the printed 
image by scan array 202. In one embodiment, protective cover 306 is 
removable, and is removed for image scanning. In one embodiment, the inside 
of the cover 306 includes a white calibration surface for pixel-to-pixel 
calibration of the scanner. 

Figure 3B is a simphfied end or side view of assembly 126 according to 
one embodiment of the present invention. Figure 3B is similar to Figure 3 A, 
wherein like reference numerals designate like symbols, except Figure 3B does 
not include the scanning assembly or scan array 202. 

Fluid ejection arrays 200 are formed on substrate 310. Assembly 126 
includes opposing surfaces 126 A and 126B. In a print mode according to one 
form of the invention, media 130 is transported adjacent to surface 126B of 
assembly 126, and fluid is ejected from arrays 200 at surface 126B onto media 
130. 

Figure 4A is a cross-sectional view from the perspective of section lines 
4A-4A in Figure 2 illustrating major components of a portion of fluid ejection 
array 200D according to one embodiment of the present invention. In one 
embodiment, fluid ejection arrays 200A-200C are constructed in substantially 
the same manner as illustrated, and described herein, for fluid ejection array 
200D. In one form of the invention, fluid ejection array 200D includes orifice 
plate 902, fluid channel 908, nozzle chamber 910, barrier layer 912, resistor 
protection layer 914, resistor electrodes 916 and 918, electrode 920, gate oxide 
layer 922, via 924, resistor material 926, polysilicon layer 928, doped wells 930 
and 932, photosensor electrodes 933, SiOs passivation layer 934, and substrate 
310. 

In one embodiment, substrate 310 is a transparent glass substrate, and 
arrays 200 and 202 are fabricated using thin film technology (TFT) and 
amorphous silicon, as described in further detail below. In an alternative 
embodiment, substrate 310 is a substantially transparent polymer, or other 
substantially transparent material. 
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Si02 passivation layer 934 is formed on substrate 310 to prevent 
impurities from substrate 310 from reaching polysilicon layer 928. Resistor 
material 926 is formed on SiOz passivation layer 934. Resistor electrodes 916 
and 918 are formed on each end of resistor material 926. 
5 Polysilicon layer 928 is formed by first depositing a thin film layer of 

amorphous silicon on SiOa passivation layer 934. The amorphous silicon is then 
recrystallized by a laser. The temperature of the deposited silicon is locally 
raised and allowed to cool slowly, thereby recrystallizing the silicon. This 
process will minimize the grain boundaries, and enhance the electron mobility 
10 characteristics of the amorphous silicon. 

In an alternative embodiment of the present invention, quartz glass is 
used for substrate 310, which has a substantially higher glass transition 
temperature, and allows oven recrystallization of the silicon 928. Subsequent to 
the recrystallization, a gate oxide layer 922 is deposited on top of the polysilicon 
15 layer 928, and is then etched to provide pathways for diffusion of dopants. The 
dopants are diffused into polysilicon layer 928 and form doped wells 930 and 
932. In one embodiment, field effect transistors 802 and 806 (shown in Figure 
5) are positioned in drive circuit region 940, and are formed from doped well 
930 and the surrounding polysilicon 928. In one embodiment, photosensor 710 
20 (shown in Figure 5) is positioned in photosensitive region 942, and is formed 
from doped well 932 and the surrounding polysilicon 928. An aluminum metal 
layer is deposited on gate oxide layer 922 and is then etched to form electrode 
920. 

In one embodiment, polysilicon layer 928 is a P-type semiconductor 
25 material, and doped wells 930 and 932 are formed by diffusing N-type dopants 
in polysilicon layer 928. In an alternative embodiment, polysilicon layer 928 is 
an N-type semiconductor material, and doped wells 930 and 932 are formed by 
diffusing P-type dopants in polysilicon layer 928. 

Resistor protection layer 914 is formed over resistor contacts 916 and 
30 918, resistor material 926, electrode 920, and gate oxide layer 922. Barrier layer 
912 is formed on resistor protection layer 914, and defines a nozzle chamber 
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910. Orifice plate 902 is formed on barrier layer 912 and over nozzle chamber 
910 and fluid channel 908. In one embodiment, orifice plate 902 and barrier 
layer 912 are integral. Orifice 904 provides an exit path for fluid in nozzle 
chamber 910, as indicted by arrow 906. 

Media 130 is fed adjacent to surface 126B of the assembly 126 during 
fluid ejection (or scanning). In one embodiment, as media 130 moves relative to 
assembly 126, fluid droplets are ejected from nozzles or orifices 904 to form 
markings representing characters or images. In one embodiment, assembly 126 
includes thousands of nozzles 904 across its length, but only select ejection 
elements (e.g., resistor material 926) are activated at a given time to eject fluid 
droplets to achieve the desired markings. 

Figure 4B is a cross-sectional view from the perspective of section lines 
4B-4B in Figure 2 illustrating major components of a portion of scan array 202 
according to one embodiment of the present invention. In one embodiment, scan 
array 202 includes a plurality of thin film layers 403-408 formed on substrate 
310, doped wells 410A-410D, and electrodes 412A-412H. In one form of the 
invention, layer 403 is a transparent SiOa layer, layer 404 is metal, layer 405 is a 
transparent SiOa isolation layer, layer 406 is polysilicon, layer 407 is a 
transparent gate oxide, and layer 408 is a transparent protective SiOi layer. 

In one form of the invention, layers 403, 404, 406, and 407, of scan array 
202 are formed from the same material and correspond to layers 934, 933, 928, 
and 922 (shown in Figure 4A), respectively, in fluid ejection arrays 200. In one 
embodiment, the corresponding layers in scan array 202 and fluid ejection arrays 
200 are deposited at the same time, and appropriate mask and etching steps are 
performed to form the various features of arrays 200 and 202 illustrated in the 
Figures and described herein. 

In one form of the invention, SiOa layer 403 is formed on substrate 310. 
Metal layer 404 is formed on SiOj layer 403, and is etched to form clear window 
402 as described in more detail below. In this embodiment, SiOj isolation layer 
405 is formed over metal layer 404 and layer 403. Polysilicon layer 406 is 
formed on isolation layer 405. Doped wells 410A-410D are formed in 
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polysilicon layer 406 by diffusing dopants into polysilicon layer 406. Electrodes 
412A-412H are formed on polysilicon layer 406, and are surrounded by gate 
oxide layer 407. Protective SiOz layer 408 is formed on gate oxide layer 407. 

In one embodiment, polysilicon layer 406 and doped wells 410A-410D 
are formed in the same manner as described above for polysilicon layer 928 and 
doped wells 930 and 932. In one embodiment, polysilicon layer 406 is a P-type 
semiconductor material, and doped wells 410A-410D are formed by diffusing N- 
type dopants in polysilicon layer 406. In an alternative embodiment, polysilicon 
layer 406 is an N-type semiconductor material, and doped wells 410A-410D are 
formed by diffusing P-type dopants in polysilicon layer 406. 

In this embodiment, the clear window 402 is formed through 
substantially transparent layers 3 10, 403, 405, 407, and 408. In one 
embodiment, the width of window 402 is about 0.01 inches for 100 Dots Per 
Inch (DPI), 0.0033 inches for 300 DPI, 0.00166 inches for 600 DPI, and 
0.000833 inches for 1200 DPI. In one embodiment, the separation between 
media 130 and surface 126B of assembly 126 is about 0.1 millimeters or less. 

Two photosensors 711 are formed from doped wells 410A-410D and the 
surrounding polysilicon 406. Although two photosensors 71 1 are shown in 
Figure 4B to simplify the illustration, in one embodiment, the same basic 
photosensor configuration is replicated many more times (into the paper) to form 
a scan array 202 that extends an entire page width. Additionally, although one 
photosensitive region 942 (wherein a photosensor 710 is formed) is shown in 
Figure 4A, in one embodiment, there are three more photosensors 710 adjacent 
to the illustrated photosensor 710, and many more photosensors 710 into the 
paper. In one form of the invention, the active portion of each of the 
photosensors 710 and 711 is approximately thirty-nine microns wide (for 600 
DPI). 

In one form of the invention, the photosensors 71 1 in scan array 202 are 
organized into two groups 400A and 400B, with each group having a different 
spatial frequency. The signals from both groups 400A and 400B are then 
deconvolved to provide enhanced resolution. In one embodiment, the spatial 
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frequency of group 400B is ninety-five percent of the spatial frequency of group 
400A. 

In one form of the invention, photosensors 71 1 for scan array 202 are 
similar in architecture and formed in the same fabrication steps as the 
photosensors 710 for fluid ejection arrays 200. 

Figure 5 is an electrical schematic diagram illustrating major components 
of the fluid ejection arrays 200 and scan array 202 according to one embodiment 
of the present invention. Scan array 202 includes a plurality of photosensors 711 
organized into groups 400A and 400B. In the illustrated embodiment of Figure 
5, photosensors 71 1 are photodiodes. Each photosensor 71 1 is coupled between 
voltage supply (Vps) 705 and ground bus line 708. Illuminated photosensors 
711 output a signal that varies in magnitude based on the intensity of light 
incident on the photosensor 711. 

Each array 200 includes a plurality of light-sensitive activation elements 
700. Each activation element 700 includes an ejection element 702, such as a 
thermal inkjet (TU) element or a piezoelectric Inkjet (PU) element, and an 
optical triggering circuit 703. In the embodiment shown, ejection elements 702 
are thermal inkjet resistors. Each optical triggering circuit 703 includes an 
amplifier 706, a latch 807, and a photosensor 710. In one embodiment, latch 807 
is a T-type flip-flop. 

Photosensors 710 convert an input light beam 1 10 into an electrical 
signal. As described below, the electrical signals generated by the photosensors 
710 in the fluid ejection arrays 200 are used to trigger ejection elements 702 
coupled to the photosensors 710. 

Amplifier 706 includes transistors 802 and 806. In one embodiment, 
transistors 802 and 806 are field effect transistors (FETs). Because of the lower 
electron mobility of amorphous silicon compared with that of crystalline silicon, 
in this embodiment, transistors 802 and 806 are made wider for glass substrate 
3 10 than they might be for a silicon substrate. In one embodiment, transistor 
802 has a length of about 2 to 3 micrometers, and a width of about 100 to 500 
micrometers; transistor 806 has a length of about 1 to 2 micrometers, and a width 
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of about 200 to 1000 micrometers; and resistor 702 has a resistance with a range 
of about 30 to 1500 ohms. In alternative embodiments, other configurations and 
component dimensions may be used for optical triggering circuit 703. 

Each photosensor 710 is coupled to voltage supply (Vref) 704. The 
output stage of each photosensor 710 is coupled to an input of the corresponding 
latch 807. An output (Q) of each latch 807 is coupled to the gate of the 
corresponding transistor 802. The drain of each transistor 802 is coupled to the 
voltage supply 704, and the source of each transistor 802 is coupled to the gate 
of the corresponding transistor 806. The drain of each transistor 806 is coupled 
to the voltage supply 704, and the source of each transistor 806 is coupled to the 
corresponding resistor or ejection element 702. Each resistor 702 is coupled 
between the source of the corresponding transistor 806 and the ground bus line 
708. 

When the activation element 700 is activated by light from light source 
106, photosensor 710 becomes conductive. When photosensor 710 is 
illuminated and becomes conductive and sets latch 807 to turn on transistor 802, 
transistor 802 causes transistor 806 to also turn on. In this embodiment, 
transistor 802 acts as a voltage controlled turn-on FET, and transistor 806 acts as 
a current-controlled drive FET. Transistor 806 then provides a drive current to 
excite resistor 702, which in turn heats up and ejects fluid from within a 
corresponding nozzle chamber. In one embodiment, at least some of the fluid is 
displaced so as to be ejected as a droplet. In one embodiment, latch 807 is 
subsequently reset by a second pulse of light striking photosensor 7 10, which 
causes the circuit to be turned off. 

In one embodiment, each array 200 includes at least one dummy pixel 
206 at the beginning and the end of the array 200. The dummy pixels 206 of 
Figure 5 are configured substantially the same as the activation elements 700, 
but do not include an ejection element 702 or a latch 807. These dummy pixels 
206 provide the control circuitry with a time and position synchronization signal. 

In the embodiment illustrated in Figure 5, photosensors 7 10 are 
photodiodes. In an alternative embodiment of the present invention, photosensor 
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710 is implemented as a phototransistor, and transistor 802 is thereby replaced. 
In another alternative embodiment with photosensor 710 implemented as a 
phototransistor, a special aspect ratio field effect transistor is used as the inkjet 
heating resistor element 702, and a separate TU resistor is not used. 
5 Figure 6A is an electrical schematic diagram of a portion of scan array 

202 shown in Figure 5, illustrating the spacing between photosensors 711 in 
greater detail according to one embodiment of the present invention. 
Photosensors 711 in group 400A are spaced apart by a distance X in the 
illustrated embodiment, and photosensors 711 in group 400B are spaced apart by 
10 a distance 0.95X. For example, if the photosensors 7 1 1 in group 400A were 

spaced at a 300 DPI pitch, the photosensors 71 1 in group 400B would be spaced 
at a 0.95 times 300 DPI pitch, or a 314 DPI pitch. In one embodiment, two 
adjacent photosensors 71 1 (i.e., one photosensor 7 1 1 from group 400A and an 
adjacent photosensor 7 11 from group 400B) are referred to herein as a scan array 
1 5 element 712 (shown in Figure 7) . 

Figure 6B is an electrical schematic/block diagram illustrating major 
components of one of the activation elements 700 shown in Figure 5 according 
to one embodiment of the present invention. As shown in Figure 5, the single 
activation element 700 shown in Figure 6B is replicated many times to form the 
20 fluid ejection arrays 200. The degree of replication depends on the desired 
resolution, jet redundancy and the width of the device 100. Table I below 
indicates the number of activation elements 700 and scan airay elements 712 
(shown in Figure 7) in assembly 126 for various resolutions according to one 
embodiment of the present invention: 
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Table I 



Resolution 


(Black & 
White) 
No. of 
activation 
elements 


(Color) 
No. of 
activation 
elements 


No. of 
scan 
array 
elements 


Total no. 
of 

elements 


ICQ DPI 


875 


3500 


875 


4375 


300 DPI 


2625 


10500 


2625 


13125 


600 DPI 


5250 


21000 


5250 


26250 


1200 DPI 


10500 


42000 


10500 


52500 



Each activation element 700 includes the ejection element 702 connected 
in series with the optical triggering circuit 703. The optical triggering circuit 
703 of activation element 700 includes photosensor 710 and amplifier 706. 
Photosensor 710 is coupled to amplifier 706 and to voltage supply 704. In one 
embodiment, voltage supply 704 is a twelve volt supply. Amplifier 706 is 
coupled to voltage supply 704, ejection element 702, and to ground bus line 708. 

Optical triggering circuit 703 acts as a photo switch that turns on the 
ejection element 702 when light from light source 106 is directed onto 
photosensor 710. Photosensor 710 becomes conductive upon impact by a stream 
of photons, and outputs a relatively low voltage output signal to amplifier 706. 
Amplifier 706 amplifies the received signal and delivers a corresponding pulse 
to ejection element 702 to fire the element 702. Amplifier 706 delivers the 
necessary tum-on-energy (TOE) to the ejection element 702. 

Figure 7 is a diagram of assembly 126 illustrating scan array 202 and 
fluid ejection arrays 200 in block form according to one embodiment of the 
present invention. Group 400A of photosensors 711 is separated from group 
400B of photosensors 7 1 1 by substantially clear window 402. In one 
embodiment, activation elements 700 in fluid ejection arrays 200 are arranged in 
a plurality of rows and a plurality of columns as illustrated in Figure 7. 

Figure 8A is a diagram illustrating the layout of the components of a 
single activation element 700 (shown in block form in Figure 7) according to one 
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embodiment of the present invention. It will be understood by a person of 
ordinary skill in the art that the layout shown in Figure 8A will be replicated 
many times over to form a fluid ejection array 200. Figure 8A is a view of the 
electrodes from the perspective of resistor protection layer 914 (shown in Figure 
4A) looking towards glass substrate 310. 

As shown in Figure 8 A, the electrodes for photosensor 710 consist of two 
serpentine-shaped electrodes 933A and 933B (collectively referred to as 
electrodes 933). Electrode 933B is coupled to voltage supply line 704. 
Electrode 933A is coupled to electrode 920. Electrode 920 is coupled to the gate 
of transistor 802, which is formed from doped well 930 and surrounding 
polysilicon 928. In one embodiment, electrode 920 couples the gate of field 
effect transistor 802 to photosensor electrode 933A by way of via 924 (shown in 
Figure 4A). 

Doped well 932 is electrically connected to electrode 933A, and has 
substantially the same serpentine shape as electrode 933 A. Polysilicon 928 
surrounds doped well 932. A serpentine-shaped N-P junction 1 100 is formed at 
the interface between the polysilicon 928 and the serpentine-shaped doped well 
932. The serpentine-shaped N-P junction 1100 is positioned between the 
serpentme-shaped electrodes 933A and 933B. The serpentine-shaped N-P 
junction 1100 and the serpentine-shaped electrodes 933A and 933B essentially 
form a solid-state photodiode, which is referred to as photosite or photosensor 
710. 

The electrodes for field effect transistor 802 consist of electrodes 1002, 
920, and 1004. Electrode 1002 is coupled to the drain, electrode 920 is coupled 
to the gate, and electrode 1004 is coupled to the source, of field effect transistor 
802. The electrodes for field effect transistor 806 consist of electrodes 1002, 
1004, and 918. Electrode 1002 is coupled to the drain, electrode 1004 is coupled 
to the gate, and electrode 918 is coupled to the source, of field effect transistor 
806. 

The electrodes for resistor 702 (formed from resistor material 926) 
consist of electrodes 916 and 918. Electrode 918 couples resistor 702 to the 
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source of transistor 806, and electrode 916 couples resistor 702 to ground line 
708. 

Figure 8B is a diagram illustrating the layout of electrodes for a single 
scan array element 712 (shown in block form in Figure 7) according to one 
embodiment of the present invention. It will be understood by a person of 
ordinary skill in the art that the layout shown in Figure 8B will be replicated 
many times over to form scan array 202. Figure 8B is a view of the electrodes 
from the perspective of SiOz layer 408 (shown in Figure 4B) looking towards 
substrate 3 10. The view of Figure 4B is illustrated by section lines 4B-4B in 
Figure SB, as well as in Figure 2. 

Electrodes 412A and 412C, which appear to be two separate electrodes 
when illustrated in cross-section as shown in Figure 4B, are actually a single, C- 
shaped electrode 412A/412C, which is in electrical contact with polysilicon layer 
406. Similarly, electrodes 412B and 412D are a single, W-shaped electrode 
412B/412D, and doped wells 410A and 410B are a single doped well 
410A/410B that has substantially the same shape as electrode 412B/412D. 
Electrode 412B/412D is in electrical contact with doped well 410A/410B. 
Electrode 412A/412C is connected to ground bus line 708 by via 810. Electrode 
412B/412D is connected to voltage supply line 705. 

A serpentine-shaped N-P junction 820 is formed at the interface between 
polysilicon layer 406 and the doped well 410A/410B. The serpentine-shaped N- 
P junction 820 is positioned between the electrode 412A/412C and the electrode 
412B/412D. The serpentine-shaped N-P junction 820, the electrode 412A/412C, 
and the electrode 412B/412D, essentially form a solid-state photodiode, which is 
referred to as photosite or photosensor 711. 

As shown in the embodiment of Figure 8B, electrodes 412E-412H and 
doped wells 410C and 410D are configured substantially the same as electrodes 
412A-412D and doped wells 410A and 410B to form a second photosensor 711. 
The two photosensors 71 1 illustrated in Figure 8B are separated by clear window 
402. 
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Figure 9A is a diagram illustrating scanning of a light beam 110 from 
light source 106 across assembly 126 according to one embodiment of the 
present invention. To simplify the illustration and explanation of the scanning of 
light beam 1 10, deflection mirrors 1 14 and 1 18 (shown in Figure 1) are omitted 
from Figure 9A. 

In the embodiment shown in Figure 9A, light source 106 emits a light 
beam, which is modulated by modulator 108, onto rotating polygonal mirror 
1 12. In one embodiment, source 106 is a laser light source that is pulsed, and the 
light beam emitted by light source 106 is collimated by a collimator lens (not 
shown). In one form of the invention, multiple light sources 106 are used to 
speed up the fluid ejection process. The light beam is modulated by modulator 
108 in accordance with dot image data. In one embodiment, polygonal mirror 
112 includes six, eight, or more reflective surfaces 113, and is rotated at a 
constant angular velocity, (O, around its central axis for scanning light beam 1 10 
across surface 126A of assembly 126. Polygonal mirror 112 deflects light beam 
1 10 toward lens 116. Lens 1 16 directs light beam 110 onto the surface 126A of 
assembly 126. In one form of the invention, the light beam or the optical path 
1 10 scanned across surface 126A selectively switches the desired ejection 
elements 702 of the fluid ejection arrays 200, as described in more detail herein. 

In one embodiment, lens 116 is a standard "f-O" optical design and its 
characteristics are identical to conventional electrophotographic printer optics 
that convert the scanning at a constant angular velocity into scanning at a 
constant line speed along the linear scan line, as well as correcting for the 
variable optical path differences, across assembly 126 as is known to those of 
ordinary skill in the art. Lens 1 16 is designed so that a beam incident on the lens 
at an angle 9 with its optical axis is focused on surface 126A away from the lens 
1 16 by the focal distance, f, of the lens 1 16, at a position f0 away from the 
optical axis of the lens 1 16, which is the same function that is performed by 
optics in conventional electrophotographic systems. 

One form of the invention uses techniques similar to those used in the art 
of electrophotographic laser printers for light beam scanning using a polygonal 
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mirror and an f-0 lens. In one embodiment, the shape of the Hght beam 1 10 
directed onto surface 126A of assembly 126 is different than the shape of the 
hght beam typically used in electrophotographic laser printers. 
Electrophotographic laser printers typically use point illumination, whereas one 
form of the present invention uses line illumination to simultaneously illuminate 
activation elements 700 in all four fluid ejection arrays 200 and photosensors 
711 in scan array 202. Three line-shaped light beam "footprints" 204A-204C are 
shown in Figure 9A, which illustrate the movement of the light beam 1 10 from 
left to right across surface 126A of assembly 126. In one embodiment, the light 
beam footprints 204A-204C have a width "W," which is about three microns, 
and a length that is slightly greater than the height of assembly 126. 

By using a scanning light beam 1 10 having a width (e.g., three microns) 
that is in one embodiment much narrower than the width of each photosite (e.g., 
thirty-nine microns), a good deal of flexibility is provided for the timing and 
pulse-width modulation of the signal from the source 106. 

The light source 106 is used for triggering fluid ejection by arrays 200, 
and, in one form of the invention, the same light source 106 is also used as a 
scanner light source for digitizing hard-copy images, thereby adding more 
functionality to device 100, with minimal added cost and space consumption. 

In one embodiment, the four fluid ejection arrays 200 and scan array 202 
are electronically multiplexed (as shown in Figure 11 and described with 
reference to Figure 11), with one of the four fluid ejection arrays 200 or the scan 
array 202 being enabled at any given time. In one embodiment of a print mode, 
one raster row of one of the color planes (i.e., black, magenta, yellow, or cyan) is 
printed during each scan pass of light beam 1 10. In one embodimem of a scan 
mode, one line of a medium is scanned during each pass of light beam 1 10. In 
one form of the invention, four consecutive scan passes of light beam 1 10 will 
print cyan raster row 1, yellow raster row H-n, magenta raster row l-i-2n, and 
black raster row H-3n, where "n" designates an integer multiple of the DPI 
fundamental spacing for synchronous printing of each color plane with respect to 
the other color planes in the array of nozzles. 
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In another embodiment, all four fluid ejection arrays 200 are operated 
simultaneously during a scan pass of light beam 1 10. In yet another 
embodiment, device 100 uses point illumination, rather than line illumination, to 
illuminate a single one of the fluid ejection arrays 200 during a scan pass of light 
beam 1 10. In one form of the invention, when point illumination is used, the 
reflection surfaces 1 13 of polygonal mirror 112 are positioned at different angles 
with respect to the central axis of polygonal mirror 112 to illuminate a different 
one of the fluid ejection arrays 200 during each scan pass of light beam 1 10. In 
another alternative embodiment, device 100 uses point illumination with 
multiple light points to simultaneously illuminate all four fluid ejection arrays 
200 during a scan pass of light beam 1 10. The four light or laser points or light 
dots are generated by a beam splitter (not shown) positioned in front of light 
source 106. In another alternative embodiment, the four light or laser points are 
generated by four different light sources 106. 

During scanning of the light beam 1 10 across surface 126 A by the 
rotation of the polygonal mirror 1 12, media 130 is moved by rollers 120, 124, 
140, and 142, and star-wheel 128, (shown in Figure 1), or via another media 
transport system, in the direction shown by the arrow above media 130 in Figure 
9A. 

As described in further detail below, the media transport system is 
synchronized with the angular velocity of rotating polygonal mirror 1 12, since 
the angular velocity of mirror 112 determines the appropriate timing for fluid 
droplet ejection by assembly 126, and the media motion affects the accuracy of 
dot placement on the media. 

In one form of the invention, scanning and printing do not occur 
simultaneously in device 100, and device 100 is configured to operate with two 
different angular velocities of polygonal mirror 112 - one angular velocity for 
printing, and a second angular velocity for scanning. In another embodiment, 
the same angular velocity is used for printing and scanning. 

In one form of the invention, each one of the arrays 200 and 202 includes 
a plurality of elements 206 at the beginning of the array, which are referred to as 
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"dummy pixels" as previously described with respect to Figure 5. As shown in 
Figure 9A, the amount of each array 200 and 202 that is dedicated to dummy 
pixels 206 is represented by the letter "D," which varies in length depending on 
the desired number of dummy pixels 206. In another embodiment, each array 
200 and 202 includes dummy pixels 206 at the beginning and the end of the 
array. Dummy pixels 206 are provided to generate a signal to latch the raster 
line data, which is used in the modulation of the light beam 1 10. Dummy pixels 
206 enable timing corrections to be made to compensate for positional variations 
within a particular assembly 126, and variations from one assembly 126 to 
another. In one embodiment, dummy pixels 206 are non-printing elements, and 
are used for sensing the true position of light beam 110. 

Figure 9B is a diagram illustrating scanning of light beams lllA-lllC 
(collectively referred to as light beams 1 1 1) from light source 630 across 
assembly 126 according to one embodiment of the present invention. Figure 9B 
is substantially the same as Figure 9A, but a second light source 630 has been 
added to provide illumination for color scanning of a media. 

In the illustrated embodiment of Figure 9B, light source 630 is an RGB 
(Red-Green-Blue) light source for emitting a red light beam 1 11 A, a green light 
beam 1 1 IB, and a blue light beam 1 1 IC. In an alternative embodiment, the 
second light source 630 is a multi-spectral light emitting diode (LED) bar for 
emitting red, green, and blue light. In one form of the invention, the light source 
630 is pulse width modulated to provide different pulse widths for red, green, 
and blue. The pulse width modulation is performed based on the particular 
absorption characteristics of the photosensors 71 1 to optimize the color balance. 
In another embodiment, one of light sources 106 or 630 may be used for drying 
fluid that has been ejected onto a media 130, or an additional light source may be 
added to device 100 for this purpose. 

In one embodiment, light beams 1 1 1 are scanned across surface 126 A of 
assembly 126 in substantially the same manner as described above for light 
beam 1 10 from light source 106. In the embodiment illustrated in Figure 9B, the 
light beam footprints 204A-204C of the light beams 1 1 1 from light source 630 
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are shorter than for the light beam 1 10 from the light source 106 to illuminate 
scan array 202, rather than simultaneously illuminating the four fluid ejection 
arrays 200 and scan array 202, as light beam 1 10 does in one form of the 
invention. 

Figure 10 is a simplified cross-sectional diagram illustrating assembly 
126 from the perspective of section lines 10-10 in Figure 2 according to one 
embodiment of the present invention. Light beam 1 10 from light source 106 is 
directed onto surface 126A of assembly 126. As shown and described with 
respect to Figure 9A, light beam 1 10 is scanned from one end of the surface 
126 A to an opposite end in one embodiment, in a direction parallel to the arrays 
200 and 202. In one embodiment, light beam 110 is transmitted through 
substrate 3 10 of assembly 126, goes through the clear window 402 of scan array 
202, and also strikes photosensors 710 of arrays 200A-200D. 

The clear window 402, which is positioned between photosensor groups 
400A and 400B, allows light beam 110 from light source 106 to pass through 
and illuminate a portion of media 130. The light that strikes media 130 is 
reflected onto photosensors 711, which capture image data for generating a 
digital representation of media 130. In one embodiment, photosensors 711 
within scan array 202 capture image data during each scan pass of light source 
106 (or 630). Metal layer 404 formed on photosensors 71 1 aids in preventing 
the photosensors 711 from being directly back illuminated by light source 106 
(or 630). In one embodiment, scan array 202 is a one-to-one magnification 
imaging device, and scanning is performed in a manner similar to that of 
conventional flying dot scanners. 

In one embodiment, scan array 202 is configured for black and white 
image scanning. In another embodiment, scan array 202 is configured for color 
scanning. In yet another embodiment, scan array 202 is configured for both 
color and black and white scanning. 

Having the scanner functionality in assembly 126 also enables the 
detection of the leading edge and the two sides of the media that will receive the 
image. By simple geometry, the orientation and the width of the media are 
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determined using the edge data. In this embodiment, to detect the two sides of a 
media, assembly 126 is slightly wider than the width of the media. Once the 
leading edge and the input skew are known, the raster file is digitally scaled, 
translated, and oriented for full edge-to-edge and top-to-bottom printing. Once 
the physical dimensions of the media are known, edge-to-edge printing is 
achieved by enlarging or reducing the image to achieve the optimal margin 
management condition. In one embodiment, the media transport mechanism 
provides for over-print zones around the edge of the media to allow full edge-to- 
edge and top-to-bottom printing. 

As shown in Figure 10, in addition to going through clear window 402, 
light beam 110 is transmitted through substrate 310 and illuminates photosensors 
710 in fluid ejection arrays 200. Illuminated photosensors 710 generate a signal 
based on the sensed light, which, in one embodiment, is carried by electrode 933, 
and a corresponding current is sent through resistor material 926. The current 
through resistor material 926 causes fluid in nozzle chamber 910 to heat up and 
form a vapor bubble. The vapor bubble then ejects the fluid as a droplet through 
the orifice 904, and onto media 130. 

The theory of operation of photosensors, such as photosensors 710 and 
711, is known to those of ordinary skill in the art, and the basic operation is 
described in many textbooks on semiconductor physics. A few examples 
include: Introduction to Solid State Physics, by Charles Kittel, Seventh Edition, 
1996, John Wiley & Sons, Inc.; Physics of Semiconductor Devices, by Michael 
Shur, 1990, Prentice-Hall, Inc.; Semiconductor Physics & Devices, by Donald 
A. Neamen, Second Edition, 1997, The McGraw-Hill Companies, Inc. 

Figure 1 1 is an electrical block diagram illustrating major electronic 
components of device 100 according to one embodiment of the present 
invention. Device 100 includes memory 602, fluid ejection arrays such as print 
arrays 200, scan array 202, image processor 610, multiplexer (MUX) 606, 
controller 612, light source driver 614, processor 616, the modulator 108, the 
light source 106, motor driver 618, transport motor 620, mirror motor 622, 
polygonal mirror 1 12, roller 140, encoders 621, 623, 624, and 626, read only 
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memory (ROM) 628, and scanner light source 630. Device 100 also includes a 
clock for controlling system timing, which is not shown to simplify the 
illustration of device 100. In one embodiment, controller 612 is an application 
specific integrated circuit (ASIC) that performs most of the computationally 
intensive tasks of device 100, including device and memory control operations. 
In one embodiment, image processor 610 is also an ASIC. ROM 628 stores data 
for booting up and initializing controller 612 and processor 616, as well as other 
components within device 100. ROM 628 also stores color maps and look-up 
tables for image processor 610, and motor characteristics of motors 620 and 622. 

During a normal fluid ejection job such as a print job, image data, text 
data, photographic data, or data of another format, is output from a host 
computer and/or other I/O devices to the controller 612 and is stored in memory 
602. Controller 612 converts the received data into "dot data." Dot data as used 
herein means a data format corresponding to the dot pattern to be printed to 
achieve media markings corresponding to given input data. Dot data for a given 
activation element 700 is one bit having a first logic state indicating the 
activation element 700 is to fire fluid or a second logic state indicating the 
activation element 700 is not to fire fluid. The dot data defines lines of output 
dots. 

Controller 612 outputs control signals to modulator 108 and light source 
driver 614 to control the operation of light source 106 based on the dot data, and 
thereby selectively activates various ejection elements 702 to eject fluid droplets. 
In one embodiment, modulator 108 acts as an electronic shutter to pulse light 
source 106 as its light beam is scanned across assembly 126 to selectively 
illuminate the desired photosensors 710 in assembly 126. According to one 
method for activating ejection elements 702 in fluid ejection arrays 200, the 
ejection elements 702 are initially disabled. The light source 106 is pulsed as its 
light beam 1 10 is scanned across assembly 126 to selectively illuminate the 
desired photosensors 710 in arrays 200. In one embodiment, illumination of a 
photosensor 710 causes ejection element 702 coupled to the photosensor 710 to 
be driven. The ejection element 702 causes fluid droplets to be fired. The 
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ejection elements 702 are then disabled. The cycle then repeats until the print 
job is complete. 

During manufacture of a PWA, some of the TU resistor layers may not 
be uniform throughout the array. If a TIJ resistor layer does not have the 
appropriate dimensions, it may not heat up as much as it should when fired, 
resulting in a "weak nozzle." There may also be other variations in the 
characteristics of the activation elements 700, including turn-on energies, 
operating voltages, currents, ejection directionality and impedances, as well as 
other variations. 

In one embodiment, during the manufacturing and refilling process, 
various tests are performed on each activation element 700 in assembly 126, and 
data representing the characteristics of each activation element 700 are stored on 
an acumen on the array assembly and then loaded into ROM 628. During startup 
of device 100, controller 612 reads the characteristics data from ROM 628, and 
then modulates the light source 106 based on the stored data. For example, for 
activation elements 700 that are deemed to be "weak nozzles," controller 612 
increases the amplitude and the pulse width of light source 106 for these 
activation elements 700, which increases the current through the ejection 
elements 702 for these activation elements 700, and/or causes a larger quantity 
of fluid to be ejected. Thus, in one embodiment, in addition to pulsing light 
source 106 to selectively activate ejection elements 702, the intensity and the 
pulse width of the light beam 1 10 from the light source 106 is varied on an 
activation element 700 by activation element 700 basis. This amplitude 
modulation changes the energy delivered to individual ejection elements 702, 
and provides a tool for drop volume control and half-toning improving features. 

The amplitude, pulse width and shape of the scanning beam 1 10 can be 
tuned by modifying the driving function, and pulse width modulation of the 
electronic shutter. This tuning of the light beam 1 10 facilitates delivery of the 
appropriate tum-on-energy (TOE) for ejection elements 702, adds to the 
) versatility of device 100, and enhances overall yield. In one form of the 

invention, the timing of the pulsing of light source 106 is also adjusted based on 
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the stored characteristics data to control the position where the three micron 
wide light beam 110 strikes each thirty-nine micron wide photosite 710. 

In one embodiment, the four fluid ejection arrays 200 are electronically 
multiplexed, with one of the arrays 200 being enabled at any given time. In one 
embodiment, after each scan pass of light source 106, controller 612 sends a 
control signal to multiplexer 606, which causes the currently enabled array 200 
to be disabled, and the next appropriate array 200 to be enabled. In one 
embodiment, controller 612 determines the appropriate times to send control 
signals to multiplexer 606 by monitoring the dummy pixels 206 in arrays 200 
and 202, which indicate when light beam 1 10 has completed a scan pass. 

For image scanning operations in one embodiment, controller 612 sends 
a control signal to multiplexer 606 causing print arrays 200 to be disabled and 
scan array 202 to be enabled. 

To perform the multiplexing according to one embodiment, the ground 
bus line 708 (shown in Figure 5) of each array 200 is connected to a 3-bit analog 
multiplexer 606, which sets the ground bus line 708 to an open circuit for all 
arrays 200 except for a desired one of the arrays 200. For the arrays 200 that are 
set to an open circuit by multiplexer 606, no energy is delivered to the ejection 
elements 702 of those arrays 200. Firing energy is delivered to the ejection 
elements 702 for the array 200 that is not set to an open circuit, with the firing 
energy being delivered when the activation elements 700 within that array 200 
are illuminated by light souix:e 106. The same multiplexer 606 is also used to 
deactivate all of the arrays 200 when the scanning function is being performed. 

Light source 630 is controlled by processor 616 during scanning. Raw 
image data is output from photosensors 71 1 in scan array 202 to image processor 
610. In one embodiment, image processor 610 performs signal compensation 
operations, image enhancement operations, color balance operations, and other 
image processing operations on the raw image data to generate digital image 
data representing a scanned media. The digital image data is provided to 
controller 612. 
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In addition to controlling light source 630 during scanning, processor 616 
also performs various high level operations within device 100, including 
monitoring flags and other status information, to assist controller 612 in 
controlling device 100. Controller 612 and processor 616 control motor driver 
618, which provides motor drive signals to transport motor 620 and mirror motor 
622. Transport motor 620 causes rollers 120, 124, 140, and 142, and star-wheel 
128 to advance media through device 100. A single roller 140 is shown in 
Figure 11 to simplify the illustration. Mirror motor 622 is coupled to polygonal 
mirror 112, and drives the mirror 112 at a substantially constant angular velocity. 

The appropriate speeds of motion in device 100, such as the speed of 
transport of a media through device 100, are determined by the angular velocity 
of the rotating polygonal mirror 1 12. Variations and errors in the angular 
velocity of the polygonal mirror 112 result in dot placement errors on the media. 
In one embodiment, device 100 uses various forms of feedback and closed-loop 
control to attain optimal print quality. In one embodiment, the scanning light 
beam 1 10 and dummy pixels 206 on either end, or on both ends, of the assembly 
126 are used by controller 612 to trigger timing and synchronization conti-ol 
signals to enhance print quality. 

Since photosensors 710 and 71 1 in arrays 200 and 202 provide a signal 
when illuminated by scanning light beam 110, positional information on the 
location of the scanning light beam 110 is available. The positional information 
is used in a closed-loop fashion by contiroller 612 to control the angular velocity 
of polygonal mirror 1 12 and the timing of modulation of light source 106, in a 
manner similar to the way that encoder strips are used to time the pen firing and 
control the scan axis in conventional inkjet printers. Controller 612 uses the 
positional information to synchronize the timing of the modulation with the 
position of scanning light beam 110, and thereby generate a spatially accurate 
pulse train for triggering the pulsing of light source 106. 

In one embodiment, dedicated photosensors (e.g., dummy pixels 206) are 
used to provide the positional information for synchronization and timing. In an 
alternative embodiment, the photosensors 710/711 used for triggering ejection 
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elements 702 and/or for image scanning purposes are also used to identify the 
position of scanning light beam 110. If more accurate positional information is 
desired, the multiple arrays of photosensors 7 10/7 11 can be fabricated with an 
intentional positional mismatch to essentially create a solid state encoder that is 
similar to quadrature plates used in encoder sensors for conventional inkjet 
printers. 

In one form of the invention, to provide further synchronization and 
timing accuracy, encoders 621, 623, 626, and 624 output signals that are used to 
determine positional and/or velocity information regarding motors 620 and 622, 
polygonal mirror 112, and one or more of rollers 120, 124, 140, and 142, and 
star-wheel 128, respectively. In one embodiment, encoders 621 and 624 output 
synchronization signals to motor driver 618 for the paper drive axis for better 
line advance accuracy, and encoders 623 and 626 output signals to motor driver 
618 to indicate the position and/or velocity of mirror motor 622 and polygonal 
mirror 112, respectively. 

In one embodiment, assembly 126 is configured to be interchangeable 
with other similarly configured assemblies, so that when assembly 126 runs out 
of fluid, the user can return the assembly 126 to an authorized facility and get 
another assembly 126 filled with fluid. The returned assembly 126 is then 
delivered to an authorized refill site. This refill process is similar to the process 
for refilling existing electrophotographic toner cartridges, and allows testing and 
calibration of assembly 126 to be performed after each refill cycle to ensure 
proper operation and to help prevent any performance degradation that might 
occur due to multiple fill cycles. 

Embodiments of the present invention provide numerous advantages over 
prior PWA printhead assemblies. One embodiment of the present invention 
provides a method of triggering and driving inkjet elements in a PWA printhead 
assembly that minimizes the complexities and difficulties encountered with 
traditional methods of tiiggering and driving PWAs. One embodiment uses less 
complex electronics, provides greater head yield, and increased speed over 
previous PWAs. One form of the invention provides better throughput 
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performance than existing PWA systems using low cost inkjet printing 
technology (thermal or piezoelectric). One embodiment provides a compact size 
printer with speed comparable to existing electrophotographic printers at a lower 
cost and a lower power usage. One embodiment provides a high-speed, high- 
end PWA system with multiple PWAs, and multiple writing lasers and mirrors 
for each PWA in order to speed up the throughput of the system. It will be 
readily apparent to persons of ordinary skill in the art that the techniques 
described herein may be applied to many different device configurations, 
including low and high end color (or black and white) printers, compact and 
non-compact printers, as well as other devices. 

In one form of the invention, the basic architecture of the PWA and the 
support electronics are much less complex than existing PWAs due to the optical 
triggering. Eliminating the interconnects that carry firing signals to the ejection 
elements frees up additional space in the PWA, which may be used for other 
purposes, such as for the traces used for delivering power to the ejection 
elements. In addition to facilitating the optical trigging and image scanning, the 
use of a glass substrate provides numerous other advantages. Glass substrates 
generally cost less and have a greater availability than silicon wafer substrates. 
Because of the relatively low cost of glass, thicker and more robust PWAs may 
be cost-effectively formed using a glass substrate. A glass substrate, or other 
transparent substrate, allows metrology to be performed using visible light 
wavelengths. In addition, the glass manufacturing industry is well-established, 
and is capable of producing high-quality, optical grade glass, with tight size and 
surface roughness tolerances, in a cost-effective manner. 

In one form of the present invention, a page-wide scanner array 202 is 
produced by the same processes as the fluid ejection arrays 200, thereby forming 
a monolithic input/output array. The added scanner functionality is realized 
without substantial cost in one embodiment, by using the illumination source 
that is already a part of the system for fluid ejection purposes. The combination 
of fluid ejection and scanning functionality in a single PWA assembly enables 
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powerful products to be produced, including multi-function products (MFPs) 
combining printer, fax, copier, and scanner functions. 

Since scan array 202 provides one-to-one magnification in one 
embodiment, the sensor sites can be made very large compared to conventional 
CCD (charge-coupled device) sensors, with orders of magnitude larger 
integration area. The larger integration area results in faster integration time, as 
well as better signal-to-noise ratios, and hence better dynamic range and scan 
quality. For example, a typical CCD sensor site's size is approximately 10 
micrometers by 10 micrometers, whereas with the one-to-one magnification of 
scan array 202, the size of the sensor sites can be as large as 70 micrometers by 
70 micrometers for 300 DPI resolution, yielding approximately 49 times the 
integration area. 

In addition, since a scanning light source is used in one embodiment of 
the present invention, as opposed to the light sources in most low-cost, page- 
wide scanners available today that illuminate an entire page at a time, much 
more light can be concentrated on each individual photosensor 711 than is 
economically possible with such existing page-wide scanners. The existing low- 
cost, page-wide scanners illuminate the entire page with a fairly high lux level to 
achieve the desired scan speeds. With the higher concentrated scanning light 
source of one form of the invention, higher scanning speeds can be achieved. 

Although specific embodiments have been illustrated and described 
herein for purposes of description of the preferred embodiment, it will be 
appreciated by those of ordinary skill in the art that a wide variety of alternate 
and/or equivalent implementations may be substituted for the specific 
embodiments shown and described without departing from the scope of the 
present invention. Those with skill in the chemical, mechanical, electro- 
mechanical, electrical, and computer arts will readily appreciate that the present 
invention may be implemented in a very wide variety of embodiments. This 
application is intended to cover any adaptations or variations of the preferred 
embodiments discussed herein. Therefore, it is manifestly intended that this 
invention be limited only by the claims and the equivalents thereof. 
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